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Diffraction effects in mechanically chopped laser pulses
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Indian Institute of Science Education and Research Mohali, 140306, India.
A mechanical beam chopper consists of a rotating disc of regularly spaced wide slits which allow
light to pass through them. A continuous light beam, after passing through the rotating disc, is
switched-on and switched-off periodically, and a series of optical pulses are produced. The intensity
of each pulse is expected to rise and fall smoothly with time. However, a careful study has revealed
that the edges of mechanically chopped laser light pulses consist of periodic intensity undulations
which can be detected with a photo detector. It has been shown in this paper that the intensity
undulations in mechanically chopped laser pulses are produced by diffraction of light from the
rotating disc and a detailed explanation of the intensity undulations is given. The experiment
provides an efficient method to capture a one dimensional diffraction profile of light from a straight
sharp-edge in the time domain. In addition, the experiment accurately measured wavelengths of
three different laser beams from the undulations in mechanically chopped laser light pulses.
I. INTRODUCTION
Diffraction of light originates from the wave nature of
light1–3. Many experiments and techniques are based on
the diffraction4–7 however, diffraction can also produce
artifacts. For example, in imaging experiments with co-
herent light the unavoidable diffraction can produce pat-
terns in the image field8. Such a diffraction patten can
be produced by an obstacle located in the path of a light
beam. A dust particle or a debris sticking on optical
components can also result a fringe pattern which can
distort the image field. A similar situation of an unavoid-
able diffraction effect appears in a mechanically chopped
laser beam which is unnoticed in many experiments. An
ideal beam chopper switches-on and switches-off the light
suddenly. However, diffraction of light from the blades
of a beam chopper disc can produce undulatory spikes at
the leading and the trailing edges of light pulses. Inten-
sity variations of the chopped light pulses can be detected
with a photo detector. The photo detector output signal
shows a pattern of decaying periodic undulations at the
edges of the pulses which resembles to a ringing artifact of
electrical pulses in electronic circuits9,10. However, the
nature of undulatory pattern in mechanically chopped
light pulses is different from the ringing artifact, where
the latter is caused by distortion of the frequency spec-
trum of electrical pulses and the former is caused by the
spatial diffraction of light beam chopped in time domain.
The undulatory pattern at edges of a chopped pulse is
observed if the photo detector size is kept small or if a
stationary pin hole (or a single slit) is placed in front of
a large area stationary photo detector to reduce the ex-
posed area of photo detector. Diffraction of light from
a stationary straight sharp-edge has been studied and
demonstrated in many different experiments11–15. In all
such experiments, a straight edge is kept stationary. In
this paper, a detailed study of diffraction of a laser light
beam from moving straight sharp-edges of a mechanical
light beam chopper disc is presented. This experiment
provides a new method, to acquire a one dimensional
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FIG. 1. A schematic diagram of a laser light beam chopper
experiment. Light is diffracted from moving sharp edges of a
beam chopper disc. As the disc is rotated the diffraction pat-
tern is shifted with time. A single slit is placed in-front of a
photo detector to select a small part of the moving diffraction
pattern at an instant of time. Photo detector output volt-
age signal in time domain corresponds to a one dimensional
diffraction profile of the light beam from a moving straight
sharp-edge.
diffraction profile on an oscilloscope in time domain very
quickly and to accurately measure an unknown wave-
length of a laser beam.
II. EXPERIMENT
A schematic of a laser light beam chopping experimen-
tal set-up is shown Fig. 1, where a laser beam is passed
through a rotating disc of a mechanical beam chopper.
The chopped light pulses are detected by a large area
fast response photo detector whose output voltage is lin-
early proportional to intensity of incident light. A laser
beam propagating along z-axis is incident perpendicular
to the plane of the disc and the plane of the disc is kept
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FIG. 2. (a) Photo detector output voltage with time. In this plot the chopped laser light pulses are incident on a large area
photo detector. (b) If a single slit of narrow slit width is placed in-front of a large area photo detector then spikes appear at the
leading and the trailing edges of a photo detector output voltage signal.
parallel to x-y plane. The disc is aligned such that the
straight edges of the disc slot become parallel to y-axis at
the point of intersection of centre of light beam and the
disc. Linear velocity of disc at a point of intersection is in
a negative x-direction. The radial distance of the point
of intersection can be adjusted precisely. Photo detector
output is connected to a digital oscilloscope which is syn-
chronized by a trigger signal generated by the beam chop-
per speed controller. Slots of the chopper disc, through
which the light passes, are equally spaced and the disc is
rotating with a constant angular velocity. If the chopped
laser beam pulses are detected by a large area photo de-
tector in absence of a single slit (or a pin hole) in front
of the photo detector then a smooth rise and fall of in-
tensity of light is observed as shown in Fig. 2 (a), which
is a plot of the photo detector output voltage with time.
This experiment is performed with a Helium-Neon (He-
Ne) laser light of wavelength 633 nm. A finite width of
laser beam along transverse plane leads to a smooth rise
and fall in the intensity of chopped light pulses.
If light pulses are detected by a small area photo detec-
tor or if a single slit is placed in front of a large area photo
detector then sudden jumps of intensity at the leading
and the trailing edges of the chopped light pulses are ob-
served as shown in Fig. 2 (b.) This is the plot of photo
detector output voltage with time. A single slit is lo-
cated in a plane parallel to x-y plane and its width along
x-axis is δ = 0.1 mm, which is much smaller than fringe
separation, and slit length along y-axis is 15 mm. Slit
width δ is the effective photo detector size therefore, by
varying the slit width the effective detector size is varied.
Laser beam is expanded and collimated by placing two
convex lenses in the beam path. A rectangular aperture,
of width about 1 mm in the radial direction and length
about 20 mm in the perpendicular direction, is placed in
the path of expanded beam. This configuration produces
a beam extension about 1 mm in the radial direction and
a beam extension about 5 mm (full width at a half max-
imum of intensity) in a direction perpendicular to the
radial direction just before the beam chopper disc. Laser
beam is expanded to increase the number of observed
fringes. A distance between the disc and a single slit is
1.74 m (slit is placed very close to photo detector) and
the radial distance of a point of intersection (along y-
axis) i.e. where a laser beam center intersects with the
disc is 47 mm. At this point a linear velocity of disc is
-14.78 m/sec along a negative x-direction.
If a semi-infinite straight sharp-edge is placed in the
path of a plane wave, the wave gets diffracted which
results in a nonzero wave amplitude in the geometrical
shadow of the edge and formation of a fringe pattern.
Fringe visibility is predominant near the boundary of a
geometrical shadow. Intensity of fringes and a separa-
tion between consecutive fringes decrease with distance
from the boundary. In the context of experiment pre-
sented in this paper the undulatory spikes in mechani-
cally chopped laser pulses originates due to diffraction of
light from sharp-edges of the chopper disc slots through
which the light beam is passed. As a moving edge of a
slot of the chopper disc comes in the path of the laser
beam the light gets diffracted from the straight edge of
the slot. Since the straight edges are moving therefore,
the diffraction pattern is displaced in the direction of lin-
ear velocity of the chopper disc at a point where the laser
beam intersects the chopper disc. A moving beam chop-
per disc produces a moving diffraction pattern. Since
a large area photo detector collects almost a complete
range of observable diffraction pattern at a time there-
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FIG. 3. (a) Spikes consist of undulations at the leading and the trailing edges of each pulse. (b) A magnified capture of the
photo detector voltage signal around the leading edge corresponds to a diffraction profile of light from a single straight sharp-edge
of the beam chopper disc. An inverted profile at the trailing edge shown in (a) corresponds to a diffraction profile of light from
the second edge of the same slot of the rotating beam chopper disc. This diffraction profile is obtained with a He-Ne laser light
of wavelength 633 nm.
fore, the undulatory pattern is not observed at the out-
put of the photo detector. However, if a single slit is
placed in front of a large area photo detector as shown in
Fig. 1 then the light from a small portion of the moving
diffraction pattern is detected at a time and the diffrac-
tion pattern is resolved in time domain. As a sharp-edge
of a disc slot is moved the diffraction pattern is displaced
on the stationary single slit and the intensity transmitted
through the slit is measured in real time point by point.
Photo detector output corresponds to a high resolution
one dimensional diffraction profile in real time.
In a conventional diffraction experiment, a photo de-
tector is displaced to measure the intensity at different
points in the diffraction pattern. In this paper, photo
detector is kept stationary while the diffraction pattern
is displaced. This method leads to a real time and quick
high resolution measurements of the diffraction pattern.
In this paper a single narrow slit is preferred over a pin
hole to increase signal to noise ratio. The output voltage
of the photo detector for a single pulse is shown in Fig. 3
(a) which shows that the spikes consist of undulations at
the leading and the trailing edges of a light pulse. A mag-
nified view of the undulatory pattern at the leading edge
of the pulse is shown in Fig. 3 (b). This undulatory pat-
tern corresponds to the diffraction pattern of light from a
single straight sharp-edge. If a slit located in front of the
photo detector is rotated in a plane parallel to the x-y
plane such that its length is aligned parallel to the x-axis
then the undulatory pattern disappears. In this case the
fringes are moving parallel to the length of the slit and
total intensity of fringe pattern is detected at an instant
of time. Therefore, output voltage waveform of a photo
detector is similar to voltage signal shown in Fig. 2 (a).
A. Theory and wavelength measurements
Consider a semi-infinite straight sharp-edge located in
x-y plane as shown in Fig. 4, where a light wave of planar
wavefront is propagating along z-axis. A third axis (y) is
perpendicular to plane of paper. A semi-infinite planar
sharp-edge located in x-y plane blocks the propagation
of light for x ≤ xo in x-y plane. According to Huygens-
Fresnel principle, each point on a wavefront is considered
as a point source emanating a spherical wave. Spheri-
cal waves from all the points from a previous (primary)
wavefront are superimposed and a new (secondary) wave-
front is formed at a new displaced location. This process
continues and governs the evolution of wave amplitude on
the progressive wavefronts. A planar wavefront evolves to
a planar wavefront however, if any part of the primary
wavefront is blocked then the contribution of spherical
waves emanating from the blocked region to the super-
position becomes zero. As a result a complete cancella-
tion of wave amplitudes does not happen in the region
of geometrical shadow which leads to a diffraction of a
wave i.e. a non zero wave amplitude in the geometrical
shadow. In present situation of a semi-infinite straight
sharp-edge the intensity of light wave exhibits an undu-
latory pattern, which is predominant close to the geomet-
rical shadow with a non zero intensity in the geometrical
shadow, as shown in Fig. 4.
To analyze this, consider a stationary point p in the
x-z plane on the screen with coordinates (0,0,d), where
d is the distance between a screen and a straight sharp-
edge. Total electric field at a point p is a superposition
4of spherical waves amplitudes emanated from the unob-
structed region of x-y plane. Consider an infinitesimal
area element dxdy located at a point of coordinates (x,y,
0) in x-y plane. Electric field at p of spherical waves emit-
ted from the area element is dE = co(e
i(kr−ωt)/r)dxdy,
where ω is angular frequency of light, k = 2pi/λ is a
propagation constant corresponding to wavelength λ, co
is a constant of proportionality and r is the distance of
a point p on the screen from the area element. For a
normal incidence of a planar wavefront on a semi-infinite
straight sharp-edge the total electric field at p can be
written as
E(xo, t) = co
∫
∞
xo
∫
∞
−∞
ei(kr−ωt)
r
dxdy (1)
At a point p, the contribution of spherical waves to the
integral in Eq. 1 diminishes as r increases and integral
saturates as a limit of r increases i.e. a region (x2 +
y2)1/2 ≫ d, where r can be written as r = (d2 + x2 +
y2)1/2. Therefore, an obliquity factor is considered to
be one. A first order Binomial expansion of r for d ≫
(x2+y2)1/2 is r ≈ d+(x2+y2)/2d. Therefore, Eq. 1 can
be written as
E(uo, t) ≈
coλe
i(kd−ωt)
2
∫
∞
uo
eipiu
2/2du
∫
∞
−∞
eipiv
2/2dv
(2)
Where, u = (2/λd)1/2x and v = (2/λd)1/2y and
uo = (2/λd)
1/2xo. Integrals in Eq. 2 can be ex-
pressed in the form of standard Fresnel integrals, C(w) =∫ w
0 cos(piw
′2/2)dw′ and S(w) =
∫ w
0 sin(piw
′2/2)dw′ by
applying
∫ w
0
eipiw
′2/2dw′ = C(w) + iS(w). Therefore, in-
tensity I = EE∗ of light wave at point p can be evaluated
as
I(uo) ≈
Io
2
([
1
2
− C(uo)]
2 + [
1
2
− S(uo)]
2) (3)
This expression represents a diffraction profile of a semi-
infinite planar sharp-edge, where Io is intensity at a point
p in absence of a semi-infinite planar sharp-edge. If a
sharp edged semi-infinite plane is moved with velocity v
along x-axis then xo = vt at an instant of time t. In
this way the diffraction pattern is displaced and inten-
sity variation with time at a fixed point p corresponds to
a diffraction profile from a semi-infinite straight sharp-
edge in time domain as shown in Fig. 3 (b). A diffrac-
tion pattern obtained by moving the sharp-edge for a
stationary location of p is equivalent to a diffraction pat-
tern obtained by moving p in the opposite direction while
keeping the sharp-edge stationary.
An unknown wavelength of laser light is measured from
the diffraction profile of a beam chopper sharp-edge as
shown in Fig. 3 (b). In Fig. 3 (b) and Fig. 4 the lo-
cations of extremum points in the diffraction profile are
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FIG. 4. A schematic diagram showing a diffraction of light
from a straight sharp-edge.
TABLE I. Wavelength measurements with method-I
Wavelength
(nm)
Measured from
diffraction
profile
Measured with an
optical spectrum
analyzer
Error
(%)
λ1 403.1 405.4 0.57
λ2 631.8 633.1 0.20
λ3 780.5 780.9 0.05
labeled by nonzero positive integers m, where m = 1 cor-
responds to a first extremum point (first maxima close
to the geometrical shadow), m = 2 corresponds to a
next extremum point (first minima close to the geomet-
rical shadow) and so on. Extremum points (uo)m of
diffraction function I(uo) given in Eq. 3 are evaluated
and the locations of extremum points tm of a measured
diffraction pattern shown in Fig. 3 (b) are evaluated in
temporal domain and transformed to a spatial domain
by using (xo)m = vtm. Wavelength is evaluated from
λ = 2(xo)
2
m/(uo)
2
md i.e. from relation between variables
u and x. Laser beam chopper diffraction experiment
is performed with three different lasers beams of differ-
ent wavelengths and a diffraction pattern corresponding
to each wavelength is obtained. A plot between (uo)m
and (xo)m is shown in Fig. 5 (a) for three different wave
lengths λ1, λ2 and λ3, where each point on a line in the
plot represents an extremum point in the diffraction pro-
file corresponding to a wavelength. A positive sign for
values of (uo)m and (xo)m is considered in plots shown
in Fig. 5. Wavelength of laser light is evaluated from
the slope (s) of a best fit function i.e. λ = 2s2/d. For
comparison and error estimation the wavelength of three
different laser beams are separately measured with an op-
tical spectrum analyzer. Wavelength measurements are
shown in Table. I along with error estimation by com-
paring these wavelength measurements with wavelength
measurements performed with an optical spectrum ana-
lyzer. This is a method-I.
In a method-II, wavelengths of all three laser beams are
evaluated from location of extremum points, which can
be expressed as (xo)m = (dλ)
1/2(m− 14 )
1/216,17. This ex-
pression is derived by superimposing a plane wave prop-
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FIG. 5. (a) A plot of extremum point locations (xo)m corresponding to calculated values of (uo)m for three different wavelengths
(method-I). (b) A plot of extremum point locations (xo)m corresponding to (m−1/4)
1/2 for three different wavelengths (method-
II).
TABLE II. Wavelength measurements with method-II
Wavelength
(nm)
Measured from
diffraction
profile
Measured with an
optical spectrum
analyzer
Error
(%)
λ1 403.5 405.4 0.47
λ2 632.3 633.1 0.13
λ3 781.0 780.9 0.01
agating in z-direction with a spherical wave emitted by
an imaginary source located on an edge of a semi-infinite
planar opaque obstacle. Wavelengths of three different
laser beams are then calculated from slope of the best fit
plot of (xo)m and (m−
1
4 )
1/2 as shown in Fig. 5 (b). Mea-
surements of wavelengths, of three different laser beams,
with method-II are shown in Table. II. Error of mea-
surement is estimated by comparing a wavelength with a
corresponding wavelength measurement performed with
an optical spectrum analyzer.
In above measurements, a diffraction profile is cap-
tured in time domain. In another experiment, a diffrac-
tion pattern of a He-Ne laser light beam from a station-
ary sharp-edge of a laser beam chopper is directly cap-
tured with a complimentary metal-oxide semiconductor
(CMOS) camera as shown in Fig. 6 (a). Laser beam is ex-
panded up to 6 mm to capture more than twenty observ-
able fringes and a sharp-edge is aligned parallel to y-axis.
In this experiment, a distance between a sharp-edge of a
laser beam chopper and a camera sensor is 1 m. Wave-
length of He-Ne laser is evaluated from the diffraction
pattern captured with camera by applying method-I and
wavelength is compared with a wavelength measurement
performed with an optical spectrum analyzer. The wave-
length measured from the diffraction profile is 632.4 nm
and a wavelength measured with an optical spectrum an-
alyzer is 633.1 nm. A percentage error in the measure-
ment of wavelength calculated from a direct capture of
diffraction pattern is 0.1 %.
B. Effect of size of photo detector sensor
Diffraction of a laser beam from sharp edges of a laser
beam chopper is observed if the detector size is much
smaller than the fringe separation at the detector loca-
tion. In experiments shown in this paper, a single slit
of width δ is placed in front of a large area detector as
shown in Fig. 1. The slit width δ is regarded as an ef-
fective detector size. If slit width is comparable or larger
than the fringe separation then diffraction pattern in me-
chanically chopped laser beam pulses cannot be resolved
since light from various portions of a fringe will be col-
lected by the detector at an instant of time. The effect of
the width δ of the single slit on the undulatory pattern
on the leading edge of the chopped light pulse observed
with a photo detector is shown in Fig. 6 (b) for δ equal
to 0.1 mm, 0.4 mm, 2.0 mm and for a large area photo
detector without the single slit, where diameter of photo
detector sensor is about 10 mm. The pattern gradually
disappears as the effective detector size is increased.
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FIG. 6. (a) A direct capture of a diffraction pattern (normalized intensity) of light from a sharp-edge of a stationary disc of
an optical beam chopper. (b) Effect of slit width δ on the undulatory spikes observed in a photo detector output signal.
III. CONCLUSIONS
This paper has experimentally found a reason of in-
tensity undulations in mechanically chopped laser light
pulses. Diffraction of a laser beam from sharp edges of a
beam chopper disc produces intensity undulations in time
domain at the leading and the trailing edges of chopped
light pulses. The chopped pulses are passed through a
single slit and then these pulses are detected with a fast
response photo detector. Photo detector output gives a
real time measurement of a one dimensional diffraction
profile of light beam from an edge of each slot of the beam
chopper disc. Diffraction effects remain unnoticed in a
photo detector output voltage signal if area of the photo
detector is much larger than the fringe separation. Wave-
lengths of three different lasers are measured accurately
from the undulatory diffraction pattern of chopped laser
beam pulses. Measurement results are compared with
measurements based on a direct capture of the diffrac-
tion pattern with a camera. The effect of photo detector
size on the undulatory pattern is also shown. In this way,
this paper has shown an experimental method to pre-
cisely capture a diffraction profile in the real time with
a stationary photo detector and to accurately measure a
wavelength of a laser beam.
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